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QUARRYING.
 BY C. LE NEVE FOSTER, B.A., D.Sc. F.R.S.

One of Her Majesty’s Inspectors of Mines.

One of a course of five lectures on The Sanitation of Industries
and Occupations.

READ NOVEMBER 8TH, 1894.

IN the course of an hour it will be impossible to deal in an ,

adequate fashion with such a subject as quarrying. I can

merely hope to bring before you some of its salient features.
I have arranged my remarks under the following heads :-

1. Definitions of a quarry.
. 2. Kinds of Minerals worked. 

’

_ 

3. Processes of excavation.
’ 

4. Methods of arranging the workings.
5. Transport.
6. Preparation of the mineral for tlle market.
7. Accidents. -

8. Diseases. 
’ 

.

9. Laws affecting quarrying. 
&dquo; 

.

1.-DEFINITIONS OF A (~,U_IIiR~’.
At the very outset let me point out that it is by no means

easy to define exactly what a quarry is. You will probably say
that that is a somewhat strange prelucle, when the lecturer

candidly confesses that he cannot explain precisely what he is

going to talh about; but I will tell you in a moment where the
ciifficult3- lies and why it is necessary to lay some stress upon
this question of definition. 

&dquo; ~Y11~1t is a quarry 
&dquo; If I were

to put this question to you most would reply without hesitation,
&dquo; A quarry is a place where stone is dug.&dquo; This is a good
popular definition ; the classical scholar might base his reply
upon the origin of the worcl and say that it has come down to
us from the Low Latin word 11 quadi~li~ia,&dquo; meaning a place where
squared stones were ‘‘ ~ot,&dquo; the verh &dquo; quadrare &dquo; signifying
66 to make square.&dquo; The&dquo; quadratarius &dquo; or &dquo; quarryman&dquo; was
originally the stone-cutter who trimmed stones into shape for
building purposes. It is easy to understand that the term

quarry eventually denoted any excavation made for getting
stone, whether dressed into cubical or parallelopipedal forms or
sent into the market in Irregular lumps.
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When we come to look at the question from an official point
of view, the popular explanation has to give way to strict
.definitions laid down by Acts of Parliament or ascertained by
legal decisions.

In the first place many excavations, which are popularly
known as &dquo; quarries &dquo; because stone is obtained from them, arc
legally &dquo;mines.&dquo; We thus at once must make the distinction
betweon- ,

1. Workings open to the sky.
2. Workings underground.

Judicial decisions have settled very clearly that in this
country it is the nature of the excavation which determines
whether any given workings are a ‘‘ mine &dquo; or not. If the
mineral is obtained by underground passages and chambers
under a cover of rock, the workings are legally &dquo; mines.&dquo;-
Where stone is obtained, such workings are popularly known as
.cc underground quarries,&dquo; and thejr are 11101’e numerous than

many persons think. About one-tllird of the slate of Wales and
most of the Bath stone is nowadays quarried in underground
chambers, that is to say, legally, it is &dquo;mined.&dquo;
On the other hand, if we cross the Channel, a different state

ot things prevails. Workings for minerals in France are

classified according to the nature of the substance, and not
according to the nature of the excavation. If iron ore is being
worked, tlle undertaking is designated a mine, even if it is

merely a shallow pit open to daylight, whereas underground
workings for stone, no matter their depth and complexity, enter
into the category of &dquo; quarries.&dquo;

This essential distinction between the laws of the two
countries must be borne in mind in making international

comparisons of death-rates from diseases or accidents.
Having pointed out that much stone is got by true mining

operations, let me now turn to workings which are open to the
sky. There are no less than three legal definitions of &dquo;quarries,&dquo;
’which I will take according to the dates of the Statutes.

1. Fartor~ and TVol’kslwp Act, 18’78 (41 Vict., C11. 16),
Fourth Schdule (25): Quarries, that is to say, any
place not being a mine, in which persons work in

. getting slate, stone, coprolites, or other minerals.&dquo;
2. nr~czrrJ (Fenci1lg) Act, 1<f<fi (50 LE 51 Vict., Uh. 19), .

. Section 4 says : &dquo; The term Quarry’ includes every
, pit or opening made for the purpose of getting stone,

slate, lime, chalk, clay, gravel or sand, but not any
natural opening,&dquo;

. 3. nuarries ilct, ~59~ (57 & 58 Vict., C11. 42), Section 1
reads thus: &dquo; This Act shall apply to every place,
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~’ 
-~ 

not being a mine, in which persons work in getting
: 

&dquo;’ 

slate, stone, coprolite, or other minerals, and any
part of which is more than twenty feet deep.&dquo;

It is not necessary for my purpose to-night to bind myself
closelv to any one of these definitions; I merely point them out
to confirm my opening statement that it is not easy to state

exactly what is meant by a &dquo;quarry&dquo; in the United Kingdom.
’ 

I think that it will be convenient, for the purposes of this lec-
ture, to regard as quarries any underground workings for stone,
and all other workings for minerals which are directly open to the
sl;y, and which may conveniently be comprised under the term
,&dquo; 

open works.&dquo; .

2.-I~INDS OF MINERALS WORKED.

The minerals we have to deal with are very varied, indeed it -

may be said that practically every kind of mineral has at the
outset been got by open workings; and even at the present day
very large quantities of metallic ores are obtained in that
manner without any burrowing underground.
Among the minerals worked opencast, are: alumstone,

asbestos, brick-earth, chalk, clay (including china-clay, fire-

clay, fuller’s-earth, potters’-clay), coal, and more especially
brown coal, copper ore, gems, gold, gypsum, iron ore, iron

pyrites, lead ore, nitrate of soda, phosphate of lime, stone of all
descriptions, strontium sulphate, tin ore.
From a geological point of view the deposits worked are

likewise very varied ; sometimes they are stratified and have
been formed by the deposition of sediment in old seas or rivers,
by the growth and accumulation of animal or vegetable organ-
isms, or by precipitation from solutions; in other cases we

have to deal with rocks wllich were at one time in a fused or
plastic condition, and which are said to be of igneous origin.
In fact, ally portion of the earth’s crust which can be utilized
in tlle arts or manufactures may be obtained by a quarrying
process. - 

,

~ 

3.-PILOCESSES OF EXCAVATION. -

With substances varying in nature from the loose sand to
hard granite, it is evident that the processes employed in

&dquo;getting&dquo; must be numerous. The excavation mav be effected

by manual labour, or with the aid of machinery. The simplest
hand tool is the crowbar. It is thrust into cracks and joints,
and by using it as a lever blocks of stone are prized off. Next
come the pick and shovel, familiar tools in almost all workings
for minerals, differing more or less in form according to the
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precise substance for which they are used. Wedges driven in
by sledge-hammers may be called to the aid of the quarryman
to detach his blocks of stone; and lastly we come to blast.ing
operations, by which so much mineral is forcibly wrenched off
from its bed.
The jumper, that is to say, a bar of iron steeled at the end

and forged into a chisel-shaped &dquo; bit,&dquo; is an implement fre-
quently seen in open works for boring holes to reccive the

explosive; short holes are likewise made by striking a steel
chisel (borer) with a steel hammer or sledge.
The powerful explosives, which owe their strength in the

main to nitro-glycerine, such as dynamite, blasting gelatine and
its congeners, though very largely used, have not yet displaced
the old-fashioned gunpowder. The latter holds its own in

many cases where the rock has to be wrenched off gently, so to
say, and where the smashing action of the high explosives
would more or less spoil the material which has to be evtractecl.
The excavating machines used in quarrying may be classified

as follows
1. Diggers.
2. Dredgers. 

°

3. Boring machines. 
’

4. Groove cutters. ’ 

.

1. Steam diggers known sometimes in this country as
&dquo; steam navvies,&dquo; and in thc United States as &dquo; steam shovels.&dquo;
Dunbar & Ruston’s is shown 111 the figure (Fig. 1). It may be

FIG. 1.*
A, ~el’tical steam boiler: B, one of two steam cylinders, C, buclcet or sc ’op; D, chain

for lowering the scoop; 1:, artn to which the scoop is attaclied; F, chain for turning a
pinion wliich gears into a raclc upon E, and can be made to alter the depth ot’ the cut;
H, cord for opening bottom of the scoop,

* Figures 1 to 7 are taken from the Author’s hook upou &dquo; Ore and Stone
Mining,&dquo; by the kind permission of Messrs. arif~n &: Co., the publishers,
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described as a huge toothed scoop at the end of an arm (E);
it is drawn bv steam power against the working face, and fills
itself with 1 to 12 cubic yards of mineral, which is discharged
into a waggon by pulling a cord (H) which opens the hinged
bottom.

These gigantic diggers are employed not only by railway and
canal engineers, but also by quarry owners. Sometimes their
business is simply to remove over-burden; in other cases they
dig up the valuable mineral itself, such as Iron ore or even
auriferous gravel. In the Mcsabi Range, Minnesota, iron ore
is excavated in open workings and at once loaded into railway
waggons by the steam shovel.

2. One naturally associates the dredge with workings under
water, but in addition to being used for excavating gold-bearing
sand and gravel from river bottom, it may render useful
services upon tez°ra~~ize~za. A dry dredge with an endless chain
of buckets is employed for stripping off a thick layer of gravel
covering a bed of brown coal near Cologne, and h1’1(’St111:111~5
grab dredge might have been seen not long ago digging up
brick earth in the vicinity of London.

0. Rock drills, that is to say, machines which bore holes for
blasting, are at the present day rendering Immense services to
the quarryman. They relieve him from a toilsom~ labour, and
ensure a rapidity of work which was previously unknown. An

ordinary percussive roch-drill is merely a cylinder, with a piston
driven backwards and forwards bv steam or compressed air,
and a cutting chisel attached to the piston rod. The chisel is
therefore made to strike its blows mechanically with great
force, and the number of shot holes which can be bored iu
a given time is very great.

4. Though rock suitable for many purposes can be obtained
by ordinary blasting, this process is out of place when it is 

’

necessary to quarry such a material as marble. Blasting would
get out irregular lumps and would shatter the rock, or at all
events produce cracks, whilst the object of the worker is to
obtain perfectly sound blocks of parallclopipedal form. Various
groove-cutters are in use, which enable the quarryman to effect
his purpose. An old machine, but one still largely used in the
United States, is the ~Vardwcll Channelling machine. It is
an appliance in which steam power replaces manual labour in
working jumpers. Three or five chisels arc arranged side by
side, and are lifted and dropped by a steam cylinder so as to
chip out a vertical groove. Smaller machines have now been
brought out by the Ingersoll and Sullivan Companies.

Instead of chipping out a long groove, it is sufficient in

many cases to bore out a series of holes along a given line, and
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then break down the Intervening partitions with a special tool.
Machines for this purpose arc largely used in the United States.
A large circular saw mounted upon a suitable carriage which

cuts vertical groves 30 inches deep is likewise of American con- ,

struction. One of the most ingenious groove cutters IsAVIImart’s
wire saw (Fig. 2) which has been employed with success at a
Belgian marble quarry for upwards of ten years. Three iron
or soft steel wires, eacll a quarter of an inch in diameter, are
twisted into a strand and are made to form a long endless cord,
A C D F, which is drawn by machinery over the surface of the
rock Ii L, whilst sand and vater are feel on to it continuously.
The sharp grains of sand are caught in the interstices between
the wires and as they are dragged along they cut the stone
which lies in their path. Then pulleys which guide the wire

,-/,-=
FIG. 9, 

/

saw are fixed upon frames in little pits H G specially excavated
for the purpose at each end of the eat, and are clulv lowered
as the work proceeds so as to keep the wire cord upon the bottom
of tlle groove. Plates I. and II. (p. 136) show the vertical faces
of rock left by the cuts of the wire saw, and in the centre of the
former is a detached block of marble which is being sawn in
half by one of the cords in the pit. When the cutting process
began the wire would have been running along the line I J.
Two other special methods of excavation deserve mention,

viz., processes depending upon the action of heat and upon the
action of water. ’

It is probable that &dquo; nre-setting 
&dquo; is one of the oldest forms

of mining and quarrying, and in spite of the discovery of the
new and more powerful explosives it has not entirely died out.
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The effect of the fire is to cracl; and split the rock and to render
it easily removable by the pick, crowbar or wedge.

In the island of Naxos emery is quarried exclusively by fire-
setting. A pile of br ushwood is heaped up against the rock
and lighted. When it has burnt out in about two or three

hours, water is thrown upon the heated rock and the sudden
chilling produces fractures which enable lumps of emery to be
got out easily. Jade is quarried in Burmah, and stone in Illia
i n the same fashion.
Water serves a useful purpose for getting china clay in

Cornwall and Devon. The granite in these counties is some-
times thoroughly decomposed, owing to the conversion of the
felspar into kaolin. Where the existence of such a mass of

suitably decomposed rock has been proved, the overburden is

stripped off and a shaft sunk; its bottom is put into COn711111171-
cation by a tunnel with another shaft, sunk in the adjacent
hard granite and fitted with pumps. Water is led on to the soft
decomposed granite which the workman loosens with a pick ; the
milky stream nowing away from the working face is led into a

settling pit near the top of the first shaft, where it deposits
coarse grains of quartz. It now drops down the shaft, runs
along the tunnel, is pumped up to the surface and led away to
settling pits.
The hydraulic mining of the United States is carried on by

Fm. 3.
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playing upon hanla of gold-bearing gravel with jets of water
under considerable pressure. Vast works are undertaken to

provide adequate supplies of water, which is stored in high
reservoirs, created by artificial dams, and then led for miles by
ditches to the points where it is required. Valleys are crossed
h~&dquo; iron pipes or by troughs carricd by trestles.
The huge jet of water issuing from a nozzle under the con-

trol of a workman is directed against some part of tlle gravel
bank and made to undermine it (Fig. 3). Great masses fall
and are disintegrated by the spouting water; the result is a

muddy stream, which flows away hurrying along with it sand,
gravel and boulders, and all the gold. It is conducted into

long lengths of wooden troughs, specially arranged for catching
the gold by the aid of quicksilver.

These two processes by fire and by water arse exceptional. I
now proceed to say a few words about the ordinary methods of
arranging the quarry workings.

~ 
4.&horbar;METHODS OF ARRANGING THE WORKINGS.

. As already stated, the miner al may be quarried in two ways :
I 

. 1. By pits open to the sky.’ 

2. By underground mining.
.. The shape assumed by the actual excavation nlst depend
greatly upon the, nature of thc mineral and its soliditv. IIard
solid rock, like limestone or granite, may be allowed to stand
up in high and almost vertical faces, whereas less stable
materials, such as clay and sand, would slip in or run in if one
tried to treat them. in like manner.
A very simple process of working is tllat adopted in Cllili for

obtaining nitrate of soda. Tlle impure nitrate (caLLChc) is found
in beds from six inches to twelve feet thick beneath a covering
of hard conglomerate ~CU.~t9’CL) from OI1P, to ten feet thicl;. A
small shaft is sunk a little below the bottom of the caliche, and
enlarged in order to receive a, charge of slow-burning powder
made on the works. The explosion loosens and breaks up the
ground over an area about twenty yards in diameter. The
hard overlying stratum of costra is then easily removed, and
the caLicILe is broken up into lumps, wllicll are taken to the
lixivating and crystallising works.
Working in steps, stopes, terraces, benches, lifts, or galleries,

for all the terms are used, may be looked upon as the typical
method of quarrying, and we may find examples in the case of
many kinds of ores and stones.

Fig. 4 shows part of the great opencast at Rio Tinto, a huge
open pit from which cupriferous iron pyrites is quarried in steps
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or terraces 33 feet to 50 feet high. Only the middle of the
pit is worked for ore ; the upper terraces are cut out in barren

surrounding rocks, which have to be removed in like manner
in order to prevent disastrous and dangerous falls of the
sides.

I~’ic~. =t. 
-

A, cuprens pyrites; B, slate; C, porbyry.

The great Peiirlivn slate quarry near Bangor is well-known to
all tourists in North Wales (Plate’111) p. 136. The valuable slate
and the valueless overburden are both taken away by a series of
terraces on an average 60 feet high by 30 feet wide.
The lead-bearing sandstone of Mechernich was at one time

worked ohencast on a vcry extensive scale. At the present time
the underground workings are of more importance.
The famous iron ore of Styria is mainly worked opencast, or

to use what is now the legal expression in this country, is
&dquo; quarried.&dquo; There are in all nearly fifty terraces, in fact the
workings may be looked upon as a gigantic night of stairs 1,500
feet high, the tread of each step being on an average 36 feet.
These workings in Styria produced in 1891, about three-

quarters of a million tons of iron ore.
If the rock is firm enough to stand alone for a great height,

it is sometimes taken down in one vertical slice, without making
a series of steps. The general appearance of Nlulberry tin
mine near Bodmin in Cornwall is shown in Fig. 5. ~1en

standing at A bore and blast holes which throw the rock to B,
under which a tunnel has been driven with Vtl opening C,
usually covered with timber. A waggon is then run in and is
quickly and cheaply filled. 

:Much chalk is quarried, in the neighbourhood of Rochester
for instance, in a somewhat similar fashion.
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A last method of quarrying is by gigantic blasts, which bring
down thousands of tons of stone at a time. It is practised in
some limestone quarries in this country, both in North Wales

Fic.5.

and in Derbyshire. A tunnel is driven in to the face of the

quarry, and a chamber is excavated for the reception of

explosives. The tunnel is now fiUe(1 up with earth, or masonry,
or both, and the charge is fired by a long fuse, or by electricity.
The result is the displaccment of thousands of tons of rock, the
clearing away of which may occupy the quarrymen many
months. 

&dquo; ° ’ ’ 

Fig. 6 explains how this process was applied in quarrying

. 

I 
FIG. (i.
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limestone near Messina; a charge of 31 cwt. of powder in bags
was placed in a special chamber at the end of the tunnel,
driven into the face of the quarry, and the tunnel having been
duly tamped, the powder was fired, bringing down no less than
100,000 cubic yards of rock. A B 0 shows the original out-
line of the face of the quarry, the dotted line A B’ C’ gives
the outline after the explosion. Granite has been quarried
at Baveno on the Lago Maggiore in a like manner. In
188(i a monster blast of 17-L 2 tons of gunpowder and half a ton
of Nobel’s dynamite were exploded simultaneously, displacing
500,000 cubic yards of granite. * Twenty or thirty blocks of
from 1,0110 to 6,500 cubic yards each were carried fully 300
yards by the explosion. A block of <1,570<) yards would be
represented by a cube of 55 feet on the side. 

&dquo;

As will be naturally understood, the task of removing waste
rock or earth often lying above the useful mineral increases
with the thickness, until at last a point is reached, when it will
no longer pay to work the cluarry open. The quarry owner
then endeavours to devise some method of excavating the
valuable material by itself, leaving the waste rock as a roof.
This leads him to true underground mining, which, from a
strictly legal point of view, is beyond tlle scope of my lecture.
However, when stone is obtained from such excavations, they
are popularly known as quarries, and on this account they
deserve a word of mention.
As the material quarried is usually of small intrinsic value,

the cheapest method of supporting the roof is to ’cave portions
of the deposit unworked. This method is employed in working
slate at Festiniog in Merionethshire. The beds of slate are
sometimes more than 120 feet thick, and are worked by
chambers separated one from the other by thick partitions of
rock; in other words, a huge wall of slate, 30 or 40 feet thick,
is left standing between every two chambers of like dimensions.
Two or three beds may be worked one above the other, care
being taken that the position of the pillars shall coincide. The
chambers themselves are huge caverns, the roof of which may
be more than 100 feet above the heads of the workmen.
Wales is not the only part of the world where slate is obtained

in underground quarries. France and Germany afford examples
of similar, or somewhat similar, workings. At the slate quarries
near Fumay on the ~1euse, and Rimogne, near Mezieres-
Charlevllle, the men fill up the chambers with rubbish, and
stand upon it while at work. (Plate IV., p. 136.)

* ChnmGcrs’ Juurnal,
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’ .. 
~ 

5.- TRANSPORT. 
~ ...

‘~ A word must be said about the methods of bringing the
product of the quarry from the workings to the places where it
is made fit for sale.

These methods vary very considerably according to the
situation and size of the working. In some places, as already
mentioned, the mineral is loaded in the quarry directly into

railway trucks and sent away without any preliminary treat-
ment whatever; in others it is lowered down the sloping sides
of mountains or raised from deep pits. At the celebrated
Carrara quarries blocks weighing from ten to fortv tons each
are lowered in a very primitive fashion down rough inclinecl

planes by means of ropes twisted round posts, which are set up
at regular intervals. The usual method is to construct self-

acting inclines, the weight of the descending loaded wagons
drawing up tile empties.
When the quarry is a pit which cannot be tapped by a tunnel,

tlle mineral may be drawn up inclined planes by any available
source of power, or it may be lifted by a crane or an aerial inclined.
This latter device is largely used in North Wales and in Scotland,
where it is known as the &dquo;Blondin&dquo; (Plate V., p. 136). It has
the advantage of being easily and cheaply erected, and of being
capable of picking up the load of mineral at various parts of tlie
bottom of the pit. Fig. 7 will explain how it works. A strong
cable (A D) is fixed across the top of the pit, and a cradle (E)
with two grooved pulleys r uns upon it. The cradle has a wire

rope (F) attached to it, by means of which it can be lowered

along the cable so as to take up any position upon it. A second
rope (I) passes from the winding drum to a large pulley (H)
hanging from the cradle, and then makes its way down to a
second large pulley (1,~) to which is attached an iron box for

carrying the load. If the cradle-rope (F) is stopped and the
load-rope (I1 let out, the lower pulley (IC) descends with its
box (L) to the. bottom of the quarry. This is filled and the
load-rope (I) is wound up again. The load ascends, but when
the moving pulley (K) approaches its neighbour (H), the cradle-
rope (F) is wound up at precisely tlle same speed as (I), conse-
quently the hanging load is drawn along the line of the cable,
and is landed at any convenient place (~1) near the edge of
the pit.

6.-PREPARATION OF THE MINERAL FOR THE MARKET.
As a rule the mineral coming away from tlle quarrv requires

treatment of some kind before it is brought into a condition fit
for the purchaser. Considering tlle variety of substances
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: ’ PLATE V.

Kemnay Granite Quarry, Aberdeenshire. The picture shows the
&dquo; Blomlin &dquo; 

rising a load of stone, the steam crane at the bottom of the pit
for shifting blocks before and after they have been dressed, and the steps for
the descent and ascent of the workmen.

....... - ,..... ,..

1’hotograyhed by 11’IL,S’0 ~ , ol’ AbeJ’deen. 
_. _.... _ .
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which are quarried, viz., metallic ores, gems, and all kinds of
stones, it would be impossible for me in the limits of this lecture

FIG. 7.
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even to hurry through all the processes which are in use. The

great subject of dressing&dquo; coul(l not be dealt with properly
in less than a dozen lectures. I shall theref ore limit my self to
mentioning a few of the purely mechanical processes employed
in the case of stone.
One important branch of the preparation of stone for the

market is the manufacture of &dquo; setts &dquo; 

or paving stones. Plate
VI., p. 136, shows how the Scotch workman, sitting down at his
work, by dexterous blows of a hammer, which has a slightly
concave face. splits the blocks across so as to form tlle paving
stones he requires. The Carnarvonshire man stands and does
his work in a bent posture.
The manufacture of road-metal is carried on, on an enormous

scale in the Oharnwood Forest district of Leicestershire, and
likewise at Penmaenmawr in North Wales. The blocks of
stone coming from the quarry arc first reduced in size by a
stonebreaker, that is to say, a machine with two huge jaws,
which crack the stone just as we sllould a nut with the teeth ;
tlie broken stone then falls between two revolving toothed
rolls; tlie stone is once more cracked and llas simply to be

passed through sieves in order to be separated into the different
sizes required for various trade purposes.

In the case of slate, the blocks coming from the quarry,
sometimes ’weighing a ton or two, are split by wedges iuto slabs
about 3 inches thick, winch are sawn across into the lengths
required and then skilfully split by thin chisels. The thin
sheets are &dquo; dressed&dquo; into tlle well-known rectangular shape,
either by hand choppers or knives worked mechanically.° 

. 

’ 

.

..

7.-ACCIDENTS.

Quarrying is usually reckoned as a dangerous occupation,
and no doubt, as a rule, it may be fairly spoken of as such.
But what is to be our standard of a dangerous occupation?
Speaking roughly, I think an occupation may be called dan-
gerous when on an average one person per 1,000 employed is
killed annually by accident. At the present moment we have
no figures by which we can ascertain the death-rates at

quarries in tlle United Kingdom generally, such as are pub-
lished annually in tlle case of mines ; but a few statistics for
special counties and quarries were prepared for the report of
the Departmental Committee, which sat last year to enquire
into quarrying and its dangers. Tllis report showed that in
working the open slate quarries of Carnarvonshire, the average
annual death-rate from accidents for the ten years 168j to
l ~~~1~ was 1~5.3 per 1000 persons employed; it also showed that
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the two largest quarries, viz., Penrhyn near Bangor, and the
Dinorwic near Llanberis, had the unusually low death-rates of
~~7(~ and 0’71 per 1,000 for the same period. Some of the
others had a very heavy death-roll of 2 to 3 per 1,000, and
even more.

The accidents happen in various ways : stones fall on to the
workmen unexpectecily, or in other cases pieces of rock winch-
are being brought down by the workman slide or roll in an

unexpected manner, and catch the unfortunate man when lie
thinks that there is no danger. Blasting accounts for many
casualties : shots go off Wlilc they are being 1’~llllllled ; fuses -

hang fire, and the charge explodes when the man returns to
see what is amiss ; men are struck from not retiring to safe
shelters.

The death-rate of the underground slate quarries of ialerioiieth-
shire is somewhat higher than that of tulle open quarries of
Carnarvonshire, viz., 1’93 for the nineteen years, 1875 to 1893.
This is not surprising considering tlle danger due to unexpected
falls of rock from the roof or sides of the huge caverns in which
the men work. 

’

It is interesting to compare quarrying witll other occupations,
such as engineering works, railways, and shipping.

I scarcely think it likely that tlle death-rate from accidents
of the Carnarvonshire slate duarriers will be greatly exceeded in
any large districts, when figures are taken over a period of at
lcast ten years. I base this statement upon the fact that 1’3 per
1000 is the rate for the stone quarries in Carnarvonshire for
the’ten years 18813 to 1892, and that a four years average at
Mountsorrel, in Leicestershire, gives 1-(i. For our purpose
we may assume that a death-rate of 1’5 per 1000 persons
employed in and about quarries is somewhere near the mark.

According to official or authoritative statistics we get the
following figures:&horbar;
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,...

S.-DISE~1SES.

It is scarcely wise on the part of a layman to discourse upon
the diseases to which the quarryman is specially liable ; and even
the medical man wi!1 have some difficulty in formulating any
broad statements about quarrymen generally, whether as regards
accidents. How can we compare, for instance, the workman in
the shallow brick-earth pits in Kent, digging a soft material
which crumbles in its fall and rejoicing in comparatively dry
climate, with the worker upon mountain sides in Wales exposed
to mist and rain, and threatened by the fall of huge rocks. The
latter is liable to diseases brought on by damp, and to accidents
caused by the depth of tlle excavation and nature of the
materials handled by him. Both the English brick-earth digger
and the Welsh slate-getter are legally workers in quarries, and
yet the conditions of their labour are most dissimilar. Again, it
is most difficult, if not impossible, to eliminate the effect of
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original fitness for the employment. It has been well shown and

pointed out by Dr. Ogle that the weaklings of a family do not
choose sncll an occupation as quarrying. Therefore, if in any
given case the quarry men show a lower death-rate from disease
than the average inhabitants of the district, it by no means
follows that quarrying is a healthy occupation; the quarryman
may have a longer life than his neighbours, because lic started
less heavily handicapped in life’s race by his constitution. On
the other hand, if we fin(1 the quarry man dying earlier than llis
neighbours, we may safely assume that there is something in the
occupation or 1tS surroundings which shortens life, because
otherwise we should not find those who started life with
the best show of health, and the bcst prospect of longevity,
giving way to those who originally had no expectation of

winning the race.
Dr. Ogle’s conclusions refer to stone and slate quarriers, or

rather to tlle average of a certain number whom lie has chosen
from various parts of the Kingdom as examples. IIe un-

doubtedly finds a high comparative mortality figure; but after
all it is precisely tlie same as that of tlie medical man. IIe
attributes the high mortality in part to the accidents, and in
part to diseases of the respiratory organs caused by the,
inhalation of dust. I do not think that the last word has been

spoken upon this subject, and as regards Wales I prefer holding
my hand until further investigations have been made. I believe
that there is a wide scope for the Medical Ufficers of Health to

Investigate the healthiness or unhealtlliness of the principal
occupations of their respective districts. When this lls been
done in the case of quarrying, we shall have better data for
forming opinions than exist at present.

9.-L,XIVS AFFECTING QUARRIES.
A word in conclusion respecting the laws which affect

quarries. The subject may be rather a dry one, but it is well
that the rudiments of it should be understood by all who are
about to study any future statistics relating to the snbject.
Something has already been said on the matter when discussing
the definition of quarries. I then mentioned that an Act had
been passed this year called tlle Quarries Act, which comes lllt0
force upon the first of January, 1~J~. All workings any part of
which is more than 20 feet deep will be transferred from the
Factory Department, and placed under the Inspectors of Mines, ,
who will at the same time have the powers of Inspectors of
Factories, and whose business it will be to carry out the pro-
visions of the Factory and Workshop Acts, and of Special Rules
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f ramed under the Quarries Act. yVe shall, therefore, af ter the
lst of January, 1895, have no fewer than three different kinds
of quarries in the Kingdom.

1. Open quarries less than 20 feet deep, retained under the
Inspectors of Factories.

2. Open quarries more than 20 feet deep, placed under the
Inspectors of Mines.

3. Underground quarries, which are legally mines and are
subject to the Mines Regulation Acts.

CONCLUSION.

One of my principal objects in this lecture has been to

explain by actual examples the many-sidedness of the subject
of quarrying, and to point out some of the pitfalls which may
beset the enquirer, who is not aware what the term &dquo;quarry&dquo;
includes. Another point is that I should prefer to wait a few
years before dogmatizing too much about the accidents or

diseases. I think that there is still much work to be done
before we arrive at a full knowledge of the good and evil of
the quarryman’s occupation.
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